The objective of the paper is to identify the change of the compliant (or non-compliant) behavior of car drivers due to the existence of a countdown signal timer, installed at urban intersections. For that reason, on field observations were taken place at two intersections located in a mid-sized city of northern Greece. A countdown signal timer was installed at the first intersection whereas no such installation existed for the second one. The two intersections are located close to each other and therefore comparative assessment on the safety improvement due to the presence of the installation was deemed possible. In total, 5098 observations were recorder in 10 days within 60 hours, for three different periods of the day (morning, afternoon and evening). The observations were mainly focused on compliance behavior of each driver in the sample, for two specific events: a) prior to the onset of the green phase (early vehicle move) and b) green phase termination (driver speeds up to cross intersection). Among other important outcomes, the analysis revealed that CST devices tend to make drivers more aggressive as they are waiting for the onset of the green phase. The percentage of the violations of the early start for the signal with the CST device was observed to 24% whereas the respective percentage for the signal without the CST installation was less than 1%. On the other hand, the analysis indicated that CST devices make drivers to be more compliant with the signal indications when the green phase is going to be terminated; it was found that CST devices can reduce drivers' decision to cross the interchange by a percentage of 15%.
Introduction
Countdown signal timer (CST) installations are considered as one of the most promising ITS applications for improving traffic safety levels as well as operational capacity and efficiency at intersections. However, there is an on-going debate within the research community, whether these installations indeed improve the safety level or not; numerous studies raise concerns about the effectiveness of these installations and their impact on drivers' behavior since CST devices are used both for informing the drivers about the onset of the green phase as well as about the green phase termination. Some of the most commonly observed changes on drivers' compliant behavior due to the presence of CST devices are a) the acceleration of vehicles in order to pass the stop line during the amber time which often leads to red light violations and b) the early start of the vehicles prior to the green phase onset. The former behavior corresponds to green signal countdown displays (GSCD) whereas the latter to red signal countdown displays (RSCD).
The effect of GSCD and RSCD displays on drivers behavior were investigated by [1] . Experimental results showed that GSCD can reduce the late stops, however they can increase the dilemma zone, creating a potential risk of rearend crashes. On the other hand, RSCD analyses indicated that although they can significantly reduce the early start ratios within the first days of operation, they are subject to long term improvement of the intersection safety since drivers tend to return to their past early start behavior very quick. In general, the study concluded that RSCD are less controversial and more beneficial than GSCD. The over time dissipate of effectiveness of GSCD was also found in a study conducted in Singapore [2] where a relation between red light violation and high traffic volume was also identified.
Driver behavior change due to the existence of CST installations at signalized intersections in China was investigated by [3] . The study found that in the case of CST presence, drivers' decision is primarily influenced by personality factors as well as the signal time identification whereas in the case of CST absence the current vehicles' spot speed seems to be the dominant factor for the decision. Apart from differences, the study also found some similarities with and without the existence of CST installations, especially regarding the driver decision to decrease their speed at intersections. The relation of CST presence and the change of drivers' behavior, regarding the decision to stop or cross the intersection at intersections located in China, was also found in [4] . In a study conducted in Shanghai [5] statistical analysis results have revealed that the installation of GSCD can (1) encourage drivers to pass the stop-line during the amber time with higher speeds and thus result in better utilization of the amber time and increased capacity of the intersection approach; (2) smooth the driver's response to the phase transition and effectively prevent the sudden change of speeds; (3) effectively eliminate the intersection dilemma zones by allowing the drivers to envision the phase transition and make decisions in advance; and (4) significantly reduce the number of red-light violations. Similar observations in China [6] , found that CST devices can increase by 5% the traffic capacity at intersections.
Another critical factor for the success of these devices is the design of CST itself and more specific the type of information they can provide. A simple flashing green before the amber for example, was found to increase the early stops as drivers tend to underestimate the duration of the time to the end of amber [7] . However, in another study [8] , the authors identified misconceptions about the legal meaning of the flashing green light among the drivers.
Regarding the measurement benefits that CST devices can offer, [9] explored the impact of CST installation in the city of Bangkok. The analysis showed that CST devices can reduce the start-up lost time at the beginning of the green phase by 22% and reduce the number of red-light violations during the beginning of the of the red light phase by 50%. A revealed preference survey confirmed that the majority of drivers were favorable towards the system. The improvement of intersection capacity and efficiency due to the CST installation was confirmed by a similar study [10] . The assistance of CST devices on drivers' decision making process during the phase transition period was also confirmed by [11] , whereas time benefits regarding drivers' perception-reaction time to the onset of green phase varying from 2.12 s to 1.48 s where calculated by [12] .
Description of the study
Following the outcomes of the literature review presented in the previous section, the objective of the paper is to identify the change of the compliant (or non-compliant) behavior of car drivers due to the existence of a countdown signal timer, installed at urban intersections in Greece. For that reason, on field observations were taken place at two intersections located in a mid-sized city of northern Greece, the city of Komotini. A countdown signal timer (CST) was installed at the first intersection whereas no such installation existed for the second one. The two intersections have similar characteristics (4-leg type with the same number of lanes), are located close to each other and therefore comparative analysis on the safety improvement due to the presence of the installation was deemed possible. Figure  1 represents a typical layout of the two intersections where it can be seen that left turns are not permitted and the right lane is simultaneously used for right turns and straight forward movements. Each one of the two signal phases is giving permission to the straight and right turn movements for both directions of the road with a constant cycle length of 70 seconds. The observations were mainly focused on compliance behavior of each driver in the sample, for two specific events: a) prior to the onset of the green phase (early vehicle move) and b) green phase termination (driver speeds up to cross intersection). Additionally information that might play a significant role on drivers' (non) compliant behavior such as the weather conditions, the total pcu's and the traffic composition was also recorded. Finally, 2962 observations (records) were taken for the 1 st traffic signal (1418 observations for the onset of the green phase and 1544 observations for the termination of the green phase respectively) and 2136 observations (records) were taken for the 2 nd traffic signal (936 observations for the onset of the green phase and 1200 observations for the termination of the green phase respectively) [13] . The data were stored in databases and further manipulated with well known statistical platforms such as the SPSS v20 software and the LISREL student version 8.8 [14, 15] . Tables 1 and 2 , give the variable names, their description as well as their measurement scale for each one of two events examined; the onset and the termination of the green phase. It should be mentioned that the variables "move" and "Mod_Move" refer only to the vehicles that were waiting at the front line for the onset of the green phase (for Table 1 ) or are approaching the intersection at the termination of the green phase ( Table 2 ). The variables "Total number of Vehicles" and "% of the HGV to the total traffic" are observations of traffic flow and traffic composition respectively are counts within the green phase, after the onset of the green indication. Tables 3 and 4 , give the descriptive statistics for the two events for each one of the traffic signal examined. From Table 3 it can be easily concluded that some similarities as well as some differentiations exist between the two signals for the "onset of green phase". For example, the analysis shows that in both traffic signals the pattern movement of the vehicles is more or less the same (mean value for the variable "vehicle movement" is 1.5 for the first signal and 1.6 for the second signal) and the composition of these vehicles is also similar for the two signals (mean value for the variable "vehicle type" is 1.2 for both signals). The above results indicate that the initial selection of the two traffic signals was correct since apart from the similar layout characteristics, they are found to have similar traffic composition and vehicles' movement characteristics. On the other side, the results of Table 3 indicate two important differentiations between the two signals; the first difference (the minor one) is that the second signal seems to serve more vehicles within the green phase compared to the first signal (mean 11.1 vehicles per green phase compare to 3.7 vehicles) as well as the majority of that vehicles are HGV (percentage of HGV to the total traffic for the second signal is 89.7% whereas for the first signal is only 3.2%). However, the most important difference is the start behavior of the vehicles. Even from the comparison of the mean values of the variable "Early_Start" (0.2 for the first signal and 0.0 for the second one) it is obvious that a different behavior of the drivers regarding their reaction on the onset of the green phase exists between the two signals. This differentiation will be also commented further in the section of the inferential statistic analysis. Finally, as expected, no differences exists for the time period of the observations as well as for the day of the observations since it was chosen the field observations to be conducted in similar days (2 hours for 3 periods per day, from Wednesday to Sunday); the weather in most of the observation periods was "Sunny" or "Cloudy", with the exception of some rainy hours at the 1 st signal observations. Table 4 , presents the descriptive statistics for the event of "termination of green phase" for the two signals. Again, the initial need for similar movement pattern of the vehicles as well as for similar traffic composition between the two signals seems to be fulfilled. Further, the comparative analysis of the mean values for the variables "Driver Decision", "Stop Behavior" and "No Stop Behavior" indicate that in the case of the event of the "termination of the green phase" the drivers are reacting with the same way for both the two traffic signals. However, this is something that should be better investigated with the inferential statistics tests of the next section 
Data Manipulation and Descriptive Statistics

Inferential Statistical Analyses
This section, presents the preliminary results of the analysis that was conducted for the investigation of the drives' behavior due to the existence of a CST installation. More specifically, various inferential statistical tests were performed and the most important of them are presented and commented in the next subsections. Firstly, specific tests are given for each one of the two traffic signals and afterwards a comparative analysis between them is presented.
1 st Signal (With the CST installed)
Given that the 1 st traffic signal is equipped with a CST device, various analyses regarding the driver behavior on green signal countdown displays (GSCD) as well as on red signal countdown displays (RSCD) can be performed. Figure 2 presents the start behavior of the drivers in relation with the vehicles' position and movement. The inferential test that was performed was a chi-square test, χ 2 (4)= 43.950, p<0.001.From the figure, it can be easily concluded that the majority of the violations (start earlier) were observed for those drivers who wanted to move straight either being at the left or at the right lane. Even with this normalization, it is found that the violation for the straight movements is almost double compared to the right turn movements (25% for the straight movements against 12% for the right turn movements). 7% of the vehicles for the straight movement and 14% of the vehicles for the right turn movement start after the onset of the green phase (e.g. these drivers start their vehicle 1.5 sec after the green indication considering that 1.5 sec corresponds to the reaction time of the driver). Figure 5 is a boxplot graph of the time in seconds of the vehicles, starting prior to the onset of the green indication. According to the observers, the high violation rates of the HGV was due to the fact that the drivers of the local public transport buses were familiar with the signalization plan of the intersection and therefore they were tending to start the bus earlier. Another interesting point for investigation is the behavior of the drivers waiting in the frontline (stopline); there are cases where are alone and cases where they are with other vehicles. Surprisingly, the chi-square test indicate a statistical significant difference, χ 2 (2)= 15.107, p<0.001, with the majority of the early starts to be observed primarily in the case where the driver was not standing alone in the frontline, as Figure 6 shows. Moving to the examination of the stop behavior of drivers at the 1 st signal, Figure 7 shows the drivers' decision in relation with the vehicles' position and movement at the intersection, as done also for the "start event" previously. Again, the analysis indicates a statistically significant difference for this case, χ 2 (2)= 9.391, p<0.01, however the test with the normalization per movement (straight or right turn) was rejected. Also in the case of the event of "termination of green phase", the left lane is that with the highest aggressive behavior by drivers. The analysis for the "stop event" indicate that a limit of hypothesis examined, has a statistically significant difference, meaning that violations at this event does not follow a specific pattern (e.g. by vehicle type) or is affected by exogenous factors (e.g. weather conditions or time of the day). The same outcome was also found in the case of the examination of the "start" event for the 2 nd signal. One plausible explanation is that according to the descriptive statistics of Tables 3 and 4 , low rates of violation were observed for these two cases (e.g. from 1544 observations at the 1 st signal, only 126 of them refer to no-stop behavior whereas for the 2 nd signal, from the total of 936 observations only 3 of them refer to early start behavior).
2 nd Signal (Without the CST installed)
Taking into consideration the comments in the last paragraph of the previous sub-section, sub-section 4.2 will present statistic tests only for the "stop" event, since no serious violations were observed for the "start event" (only 3 vehicles start earlier in the total of 936 observations). This is a plausible fact, as in the second signal there is no any specific identification that can warn the drivers about the onset of the green phase and therefore it is more unlike to observe violations of early starts. Figure 8 presents the drivers' decision in relation with the vehicles' position and movement at the intersection, as done also for the 1 st signal previously. Again, the analysis indicated a statistically significant difference for this case, χ 2 (2)= 57.506, p<0.001.From the figure, it can be easily concluded that the majority of the drivers who decided not to stop, was moving at the left (faster) lane. A normalization analysis into the two movements, move straight and turn right, was also performed for this case, and statistically significant differences were identified, χ 2 (1)= 44.050, p<0.001, as Figure 9 shows. Finally, the inferential analysis indicated a statistically significant difference on driver decision to stop or not and the time of the day, χ 2 (4)= 14.611, p<0.01. As Figure 10 shows, drivers tend to be more conservative in the evening hours where the visibility is limited. 
Comparative assessment
In this last sub-section, a comparative assessment of the two signals is performed, in order to identify any differences on drivers' behavior due to the installation of the CST devices. It is clear that the analysis is done primarily for the behavior of the drivers in relation with the two events examined, the "early start" and the "stop" behavior. .001, with the majority of the violations observed at the signal with the CST device. This is an important outcome since it seems that CST devices tend to make drivers more aggressive (and more aware) as they are waiting for the onset of the green phase. The percentage of the violations of the early start for the signal with the CST device is 24% whereas the respective percentage for the 2 nd signal is less than 1%.
On the other hand, CST devices seem to make drivers more conservative regarding their dilemma to stop or not stop when they are approaching the interchange and the green phase is going to end, as Figure 12 shows. The analysis, estimate that CST devices can reduce the drivers' decision to cross the interchange by a percentage of 15%, χ 2 (1)= 123.302. Contrary to the outcomes that were derived for the CST devices in the case of the onset of the green phase, the later results indicate that CST devices make drivers to be more compliant with the signal indications when the green phase is going to be terminated.
For those who decide not to stop, Figure 13 shows that the CST devices make drivers primarily to accelerate their cars since the option of continuing smoothly their vehicles route is adopted primarily by the drivers at the signal without the device, χ 2 (3)= 90.486, p<0.001. For the 4 different "no stop" behaviors presented in Table 13 , the most dangerous is that of continuing smoothly with red indication since more time is needed in that case to cross the intersection; in the case of no CST installation, a high percentage of the drivers (44%) is adopting this dangerous behavior whereas in the case of CST installation this percentage is dropped to 13%. It should be mentioned that the Greek Highway Code, permits the crossing of the intersection from the vehicles when the amber indication is on, only in the case where their speed is too high and it is not feasible to stop at the stopline [16] . However, Greek drivers have misunderstood this and the majority of them believe that amber should always be used for crossing the intersection. 
Final Conclusions
The introduction of new technologies in current transport systems, is something that should be done after continuous and in depth analysis of the impacts and the effects that they might have in the operation and efficiency of that system. Especially, in the case of transport and mobility, where the main component is the human factor, the positive effects are not obvious.
In this paper, the effects (both positive and negative) of Countdown Signal Installations (CST) on Greek drivers' behavior were analyzed and commended. As the analysis revealed, the specific CST devices (with green signal countdown displays -GSCD -and red signal countdown displays -RSCD), should be carefully used since they tend drivers to early start behavior. On average, the early start of the vehicles was observed 1.78 secs earlier to the onset of the green indication (not presented in this paper). Considering an extra time of 1.5 sec as drivers' reaction to the green indication, it can easily concluded that in the case of a CST installation it is essential for traffic signal engineers to submit an updated traffic signal plan with extended intergreen time(s) so as to avoid potential risk of collisions.
On the other hand, the CST devices of the case study, was found to make drivers more conservative regarding their decision to stop or not, when they are approaching at the interchange and the green phase is going to terminated. The percentage of compliance was found to be 15% more, compare to the intersection without the CST device. Additionally, the study found that CST devices help drivers to take more correct decisions even in the case where they do not stop their vehicles.
As many studies indicate, the objective of the CST installations is twofold; on one hand the main target is to improve the safety of the intersection and/or on the other hand to increase the efficiency/capacity of that intersection by decreasing the loss times. The fulfillment of the later objective may be tricky since it presupposes that drivers are completely compliant with the additional information that CST devices provide to them, something that was not totally confirmed by this study.
